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Abstract. This paper presents researches regarding the influence of organic (sheep manure) 
and NPK mineral fertilizers on the soil parameters and total crude protein content (%) of forages, 
harvested in the middle of May, 2008, from a permanent meadow situated near Grădinari, in Caraş-
Severin district. The studied permanent meadow was organized in ten trials fertilized with different 
doses of NPK mineral fertilizers, organic (sheep manure) and organic-mineral fertilizers. For each trial 
was made five replications. The total nitrogen content (%) was determinated by Kjeldahl method, and 
total crude protein was calculated by multiplying total nitrogen content with 6.25. The soil pH was 
determinated in aqueous solution (ratio soil / water = 1/10) using potentiometric method. Mobile 
forms of potassium and phosphorus were determinated by Egner-Riehm-Domingo method, extracted 
from soil with an acetate-lactate solution buffered at pH= 4.6, at 1/5 soil-solution ratio. The statistical 
interpretation was performed with Multivariate Exploratory Techniques, Cluster Analysis, 
implemented in Statistica 6 software.  
Using Cluster Analysis is possible to show the influence of organic and mineral fertilizers on 
the soil parameters (pH, total nitrogen content, mobile form of P, and mobile form of K) and total 
crude protein content of forages from the permanent meadow from Gradinari (Caraş-Severin District) 
by grouping all ten experimental trials in three main groups. 
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INTRODUCTION 
 
 The nutritive value of forages refers to the measure in which these are capable to 
satisfy the animal necessary in nutritive substances. It is recommended to use a rational 
alimentation for animal, differentiate by animal’s species and categories, to mentain the 
animal health, to obtain a high production of animally products and to assure good conditions 
for reproduction function (Crăiniceanu et all., 2006).   
 The most important three mineral elements from which is dependent the quality of 
forages are nitrogen, phosphorus and potassium. These mineral elements have complex rolls 
in growing and development of forages plants (Moisuc & Đukič, 2002).       
 Regarding nitrogen, plants is capable to procure it from inorganic compounds like 
different ammonium salts, nitrates and nitrites, and also from those organic, like aminoacids 
and amines (Goian, 2000).     
 The forages from Fabaceae family use like an important source the atmospheric 
nitrogen, transformed in easy assimilated forms by the bacteria which live in symbioses with 
these plants species (Dragomir, 2005). Nitrogen is responsible for plants growing and 
development, being constituent of aminoacids, proteins, nucleic acids, amines, coenzymes and 
phytohormons (Şumălan, 2006).          
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 In plants phosphorus is finding like free phosphoric anions (P2O43-) (Dragomir, 2005). 
From total quantity of phosphorus from soil, only maximum 5% is considered potential 
assimilable for plants, where participate at nucleic acids, phosphoric esters and carbohydrates 
synthesis. It is present also in the cellular membranes, in complex lipidic structure (Şumălan, 
2006). Phosphorus is considered a natural energetic element of plants, participating at 
synthesis of compounds with energetic roll: ATP, ADP, NAD, NADPH (Moisuc & Đukič, 
2002). 
 Potassium is the most abundant cation from vegetal cell (Şumălan, 2006). From the 
total content of potassium from soil, only maximum 2% is considered that is assimilable for 
plants (Dragomir, 2005). It is involving in protein synthesis, reduction of the perspiration 
intensity and stimulation of respiration and photosynthesis processes (Şumălan, 2006).  
  All these nutrients are accessible for plants are correlated with their soil contents. The 
capacity of soil to response of plants nutritive necessities depended on agrochemical 
treatments, a crucial rolls being attributed to fertilization (Goian, 2000). But when the 
fertilizers are not used properly, function of agrochemical properties and nutritive elements of 
soil, and plants nutrients necessity, these can be responsible for environment pollution. It is 
impetuous necessary that fertilization, independent of the fertilizers type, to be realized in 
controlled regime, to assure a good utilization of the nutrient which exists in soil and those 
added with the mineral and organic fertilization (Dumitru et al., 2003).       
  
MATERIAL AND METHODS 
 
Total nitrogen content was determined using Kjeldahl method and total crude protein 
was calculated multiplying the obtained results with 6.25 (AOAC, method 978.04). Digestion 
of samples (around 1g of forages, respectively 0.5 g for soil) was made with concentrated 
H2SO4 and cupric catalizator in DK6 Heating Digester Unit from Velp Scientific. Distillation 
was made with UDK 127 Distillation Equipment, also from Velp Scientific. The 95% 
sulphuric acid, 0.1N sulphuric acid solution used for titration and 4% boric acid solution for 
ammonium capture were of pure grade (Merck, Germany). The results were reported to dry 
matter. For all the samples the determinations were made in triplicate.  
The soil pH was determinated in aqueous solution (ratio soil / water = 1/10) using 
potentiometric method (Mathieu&Pieltain, 2003).  
Mobile forms of potassium and phosphorus were determinated by Egner-Riehm-
Domingo method, extracted from soil with an acetate-lactate solution buffered at pH= 4.6, at 
1/5 soil-solution ratio (Lăcătuşu, 1995).  
The forages were harvested in the middle of May, 2008, from a permanent meadow. 
The experimental field is situated near Grădinari (Caraş-Severin District), on a brown 
argiloiluvial soil. The annual average temperature in this region is around 10.5oC. The altitude 
of permanent pasture is around 190 m and the slope of relief is around 20 grades.  
 The permanent meadow was organized in ten trials fertilized with different doses of 
NPK mineral fertilizers, sheep manure and organic-mineral fertilizers using randomized plots 
method, in multiple stage blocks with five replications: V1 – untreated, V2 – 20 t/ha manure, 
V3 – 40 t/ha manure, V4 – 60 t/ha manure, V5 – 20 t/ha manure + 50 P2O5 (Kg/ha), V6 – 20 
t/ha manure + 50 P2O5 (Kg/ha) + 50 K2O (Kg/ha), V7 - 20 t/ha manure + 50 P2O5 (Kg/ha) + 
50 K2O (Kg/ha) + 50 N (Kg/ha), V8 = 100 N (Kg/ha) + 50 P2O5 (Kg/ha) + 50 K2O (Kg/ha), 
V9 = 150 N (Kg/ha) + 50 P2O5 (Kg/ha) + 50 K2O (Kg/ha), V10 = (100 + 100) N (Kg/ha) + 50 
P2O5 (Kg/ha) + 50 K2O (Kg/ha). The fertilization was made in the period 2003-2007. The 
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mineral fertilization was made yearly, whereas the sheep manure was applied at each two 
years.  
The main plant species were: Festuca rupicola and Calamagrostis epigeios. Other 
species were Antohoxanthum odoratum, Briza media, Poa pratensis, Trifolium arvense, 
Trifolium medium, Genista tinctoria and Lotus corniculatus. From the other botanical 
families was presented Filipendula vulgaris. The forages and soil samples were harvested 
from all the ten trials of the first replicate, than were dried in normal conditions (in shadow, 
appreciatively 24-28oC) for two weeks. Then the samples were grounded and sieved under 0.3 
mm diameter of particle.  
 The statistical interpretation was performed with Multivariate Exploratory Techniques, 
Cluster Analysis, implemented in Statistica 6 software. Cluster Analysis can be used to 
determine the similarity between the analyzed samples. For this is necessary to obtain a 
similarity matrix, in which is possible to observe that each sample are in relationship with the 
others. Euclidian distance (D) represents the distance between two samples A and B, and has 
the following formula: 
DAB = )(1∑ = −
J
j xBjxAj 2,  
 where DAB represent the distance between A and B samples and j is the number of 
determination. Using the distances data it can be performed the linkage between all analyzed 
samples, obtaining finally the dendrogram in which the samples are grouping function of their 
similar characteristics (Brereton, 2003).    
 
RESULTS AND DISCUSSION 
 
  The total crude protein contents of analysed forages and the main agrochemical soil 
parameters (pH, total nitrogen content, mobile form of P, and mobile form of K) are presented 
in Tab. 1: 
Tab. 1  
Total crude protein content of analysed forages and the main agrochemical soil parameters (pH, total nitrogen 
content, mobile form of P, and mobile form of K) 
 
Samples CP plant [%] pHs Kms [ppm] Pms [ppm] Ns [%] 
GP1 10.83 6.62 190.0 82.3 0.28 
GP2 15.52 6.65 180.0 110.3 0.33 
GP3 17.56 6.67 200.0 122.4 0.37 
GP4 19.68 6.64 184.0 168.3 0.47 
GP5 11.56 6.25 167.0 93.1 0.39 
GP6 13.51 6.45 180.0 113.3 0.37 
GP7 12.14 6.47 190.0 116.2 0.39 
GP8 11.96 6.17 200.0 94.1 0.33 
GP9 13.40 6.06 196.0 107.0 0.36 
GP10 13.06 5.95 208.0 86.0 0.37 
G – Grădinari, P – permanent pasture, 1-10 – trials number; pHs – pH of soil; Ns [%] - total nitrogen content of 
soil; Pms [ppm] - mobile form of phosphorus from soil, Kms [ppm] - mobile form of potassium from soil 
  
The influence of sheep manure and NPK mineral fertilizers on the soil parameters and 
total crude protein contents of analysed forages using Cluster Analysis (measuring the 
Euclidean distances and like amalgamation rule the Weighted pair - group centroid) is shown 
in Fig. 1: 
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Fig. 1. The influence of sheep manure and NPK mineral fertilizers on the soil parameters and total crude protein 
contents of analysed forages using Cluster Analysis  
 
 From Fig. 1 it is possible to observe that using Cluster Analysis, total crude protein 
content of forages and soil parameters (pH, total nitrogen content, mobile form of P, and 
mobile form of K) can group all ten trials in three main groups.  
First group is formed by GP4 and GP3, both fertilized with sheep manure: first with 40 
t/ha and the second with 60 t/ha. Between all ten trials these two are characterized by the 
highest contents for total crude protein of forages (19.68 %, respectively 17.56 %). A possible 
explanation for this can be the modification of floristically composition of meadow: the 
percent of species from Fabaceae family increase with the increasing of applied quantity of 
sheep manure. The total crude protein contents of species from Fabaceae family are higher 
than those from Poaceae family. For the mobile form of phosphorus from soil are obtained 
also the highest values: 168.3 ppm for GP4, respectively 122.4 ppm for GP3.       
 The second group is formed by two subgroups. Trial GP1, unfertilized trial, represents 
the first subgroup, characterized by the smallest quantities of total crude protein content of 
forages (10.83 %). For total nitrogen content and mobile form of phosphorus from soil were 
obtained also the smallest values (0.28 %, respectively 82.3ppm). The second subgroup is 
formed by GP8, GP9 and GP10 trials, fertilized with different quantity of NPK mineral 
fertilizers. The fertilization of GP8 and GP9 with mineral nitrogen was made in autumn of 
2007, 100 kg/ha, respectively 150 kg/ha. For GP10 the mineral nitrogen fertilization was 
made in two steps: 100 kg/ha in autumn of 2007 and 100 kg/ha in spring of 2008. In second 
group all the forages and soil from trials of second subgroup has higher content in total crude 
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protein, respectively in total nitrogen and mobile forms of phosphorus and potassium contents 
than unfertilized trial of first subgroup.              
 The third group contains all the others trials (GP2, GP5, GP6 and GP7), which have in 
common the organic fertilization with the same quantity of sheep manure, 20 t/ha. This group 
is divided in three subgroups. First subgroup contains GP6 and GP7 trials, characterized by an 
appropriate content in total crude protein of forages (13.51 %, respectively 12.14 %) and total 
nitrogen (0.37 %, respectively 0.39 %) and mobile form of phosphorus (113.3 ppm, 
respectively 116.2) contents of soil. The second subgroup is represented by GP5, 
characterized by a smaller total crude protein of forages (11.56 %) and mobile form of 
phosphorus of soil (93.1 ppm) than first subgroup. The third subgroup is represented by GP2, 
which has a higher content in total crude protein content of plants (15.52 %) and smaller total 
nitrogen content of soil (0.33 %) than first subgroup.  
 In third group it is possible to observe the differences of type of fertilizers on the soil 
pH. The pH of soil from GP2 (6.65), fertilized only with 20 t/ha sheep manure, was higher 
than the others three trials (GP5, GP7 and GP7) fertilized with 20 t/ha sheep manure 
combined with different NPK mineral fertilizers. That means the NPK mineral fertilizers 
determine in time a substantial decrease of soil pH, whereas the sheep manure had not 
acidifying effect. Murawska & Spychaj-Fabisiak (2002), after researches regarding the effects 
of mineral fertilizers on the typical podzol soil for a 25 years period, concluded also that 
mineral fertilization with nitrogen and potassium cause a significant soil acidification, the 
value of pH being around 6 at the beginning of experiment and in range 4.2-4.4 at the end.  
 The fertilization with organic fertilizers determines the enrichment of soil in humus, 
which has an overwhelming influence on the solubility and migration of mineral elements. 
Humus contains humic acids, in which are present functional groups able to bind the cations 
find in soil. The resulted compounds have stable structures, being forewarn the mineral 
elements leaching (Spychaj-Fabisiak&Gonet, 2002).  
 
CONCLUSIONS 
 
Using Cluster Analysis is possible to group all ten experimental trials in three main 
groups depending on total crude protein content of forages and soil parameters (pH, total 
nitrogen content, mobile form of P, and mobile form of K).  
First group is formed by GP4 and GP3, both fertilized with sheep manure, 
characterized by the highest contents for total crude protein of forages and for the mobile 
form of phosphorus from soil.       
 Second group is formed by two subgroups: first subgroup represented by GP1, 
characterized by the smallest quantities of total crude protein content of forages and for total 
nitrogen content and mobile form of phosphorus from soil; second subgroup formed by GP8, 
GP9 and GP10, fertilized with different quantity of NPK mineral fertilizers, heaving higher 
content in total crude protein of forages, respectively in total nitrogen and mobile forms of 
phosphorus and potassium soil contents than GP1 from first subgroup.              
 The third group contains GP2, GP5, GP6 and GP7, which have in common the organic 
fertilization with the same quantity of sheep manure (20 t/ha), divided in three subgroups: 
first subgroup contains GP6 and GP7, characterized by an appropriate content in total crude 
protein of forages and total nitrogen and mobile form of phosphorus contents of soil; second 
subgroup is represented by GP5, characterized by a smaller total crude protein of forages and 
mobile form of phosphorus of soil than first subgroup; the third subgroup is represented by 
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GP2, which has a higher content in total crude protein content of forages and smaller total 
nitrogen content of soil than first subgroup.  
 These groups obtained using cluster statistical methods reveal the complexity of 
different types of fertilization both on the some soil parameters and total crude protein content 
of forages, function of modification appeared in floristically composition of trials from 
experimental meadow.   
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